Introduction

Many laboratories
are turning to studies of cytoskeletal mutants to gain an understanding of the in vivo role of proteins whose in vitro function has been well characterized in some cases [ 1, 2] . This review covers the last year's progress in the study of non-muscle cytoskeletal proteins, and defines 'mutant' as any cell containing more or less than the normal amount of a cytoskeletal protein, as well as any cell containing altered protein, i.e. cells that have been micro-injected with protein or treated with antisense RNA. I have not included effects produced by micro-injection of antibody, as these studies have an additional level of uncertainty, due to questions of specificity, crossreactivity or interpretation ( [ 3.1 for example).
Actin
The single, essential actin gene in Saccharomyces cere visiae has been mutagenized and the in vivo consequences examined. Johannes and Gallwitz [4*] have altered a number of highly conserved amino acid residues thought to be functionally important. Surprisingly, most of these substitutions are phenotypically neutral. Wertman et al. [5*] have taken a different approach; they avoided preconceived notions of which residues might be important by systematically replacing clusters of charged residues (which are mostly at the monomer surface) with alanines. They find that lethality results from changes in the nucleotide-binding pocket, in regions of predicted actin-actin contact in a filament, and in regions which may bind myosin or tropomyosin. Changes that cause temperature sensitivity occur where they might interfere with the interaction between actin and other proteins, whereas changes that are predicted to be buried at the interface between strands of the filament have no phenotypic effect. It has been found that the hydrophobic loop predicted to be Involved in interstrand interactions is important to actin function (RR Cook, X Chen, PA Rubenstein, unpublished data). Cook et al [6*] have found that altering the negatively charged amino acids near the amino terminus of actin produces significant in vitro effects but no dramatic phenotypic changes.
Actin relatives
Three distant relatives of actin have been identified. Whereas most actins are highly conserved and show greater than 90 % identity, these actin-related proteins show approximately 50% identity to actins. The genes in S cerevisiae (ACE?) , [7*] and Scbizxaccbaromyces pombe (act21 [PI are essential. Some divergence is found in regions that in actln have been implicated in interaction between monomers or in binding myosin, raising the possibility that these actin-related proteins do not function in the same way as other actins. Overexpression of AC72 causes morphological aberrations that might possibly suggest an effect on the actin cytoskeleton [i'*]. make the interesting suggestion that Act2 protein could turn out to be an actin-capping protein. A third actin-like protein, actin-RPV (related protein, vertebrates) has been identified and shown to be part of a complex that activates dynein [ 91. Genes similar to each of these three actin-like proteins have been identified in Gaenorbabdi t& elegam indicating that they represent separate classes of proteins that can co-exist in a given organism (J LeesMiller, D Helfman, unpublished data [lo] . Studies of cyclase-associated protein (CAP) by \Zojtek et al [ 11'1 suggest a relationship between proIilin and the Ras and phosphatidyl inositol signalling pathways in yeast. CAP appears to be bifunctional; deletion of the amino-terminal portion causes defects in Ras activation of adenyl cyclase, whereas deletion of the carboxyl-terminal portion, like deletion of profilin, causes defects in the actin cytoskeleton. Profilin overexpression corrects these carboxyl-terminal defects. Although a correlation was observed between the ability of pro6lin to bind PIP2 and to compensate for CAP, the situation may be more complicated, given recent findings that CAP may be an actin-binding protein [ 121 and that actin and PIP2 binding appear to be intimately linked in mutagenesis studies of profilin (BK Haarer, SS Brown, unpublished data) . Surprisingly, IO-fold overexpression of proftlin in yeast has no obvious phenotypic effect (BK Haarer, SS Brown, unpublished data and is localized to the rhabdomeres (the microvillar structures where phototmnsduction takes place). This isoform has a minimyosin-like tail, and may form the actin-membrane linkage seen in rhabdomeres (like minimyosin in intestinal microvilli). The authors speculate that the myosin domain might move the kinase domain along the actin in the rhabdomere, or might be involved in membrane shedding.
Actin-crosslinking proteins
There is a family of actin-crosslinking proteins that are related by conserved stretches of sequence. Several studies indicate that these proteins are important not only for the arrangement of actin in the cell, but also for loco- 
